Summary. The genus Orthophytum Beer comprises 53 species, all narrow endemics to south-eastern and northeastern Brazil. In this study we present meiotic and mitotic chromosome numbers of 12 species of this important genus in Bromeliaceae. For six of these taxa we are reporting the first cytogenetic study. Orthophytum albopictum, O. amoenum and O. burle-marxii presented 2n = 100 chromosomes and O. hatschbachii, O. mucugense, O. vagans, O. supthutii, O. zanonii and O. ophiuroides showed 2n = 50 chromosomes. These results are consistent with the proposed basic number of x = 25 for Bromeliaceae family. In the genus Orthophytum, polyploidy seems to play an important role in chromosome evolution associated with habitat differentiation among diploid and polyploid species.
Introduction
Bromeliaceae is an example of a large and well described family from the Neotropics, with 3086 species and 57 genera (Luther 2006; Wanderley & Martins 2007 ) divided into three subfamilies: Pitcairnioideae, Bromelioideae, and Tillandsioideae (Smith & Downs 1974) . Approximately 50% of the known species are found in Brazil. Bromeliads also display remarkable variation in breeding system (from predominant inbreeding to predominant outcrossing), growth habit (epiphytic, terrestrial, or saxicolous) and distribution (continuous forest species vs. patchily distributed, rock-adapted 'inselberg' species).
Orthophytum is a genus belonging to subfam. Bromelioideae. It is endemic to north-eastern and south-eastern Brazil, occurring in the states of Paraíba, Pernambuco, Sergipe, Alagoas, Bahia, Minas Gerais and Espírito Santo (Versieux & Leme 2007; Louzada 2008) . Currently this genus comprises 53 species divided into two informal groups, one characterised by the scapose inflorescence and other by scapeless inflorescences (Smith & Downs 1979; Wanderley 1990; Wanderley & Conceição 2006) . Most of the species are narrow endemics confined to one or a few localities (Louzada 2008) . The species of Orthophytum are exclusively terrestrial and rupicolous, living on rock outcrops in sandy soils in rocky fields (campo rupestre), in savanna (cerrado), and on inselbergs in the Atlantic Rainforest (Mata Atlântica) (Louzada 2008 ).
Chromosome number is a useful character in systematics and plant evolutionary studies and may provide information on polyploidy and other highly significant genome changes (Guerra 2008) . In the Bromeliaceae, cytogenetic studies are rare and chromosome numbers have been reported for no more than 12% of the species (Lindschau 1933; Gauthé 1965; Weiss 1965; Marchant 1967; Sharma & Ghosh 1971; McWilliams 1974; Brown et al. 1984; Varadarajan & Brown 1985; Brown & Gilmartin 1986 , 1989 Lin et al. 1987; Brown et al. 1997; Cotias-de-Oliveira et al. 2000 Ramírez-Morillo & Brown 2001; Palma-Silva et al. 2004; Bellintani et al. 2005; Gitaí et al. 2005) . The chromosomes are small with sizes varying between 0.23 mm and 1.5 mm (Cotias-de-Oliveira et al. 2000; Ceita et al. 2008) .
The first cytogenetic studies of bromeliads were carried out with the classical microtome section technique and indicated large variations in chromosome number with 2n = 16, 34, 36, 46, 48, 50, 52, 54, 56, 64, 96 and 100 (Billings 1904; Lindschau 1933; Gauthé 1965; Weiss 1965; Sharma & Ghosh 1971) . Unlike the former studies, Marchant (1967) showed the cytogenetic homogeneity of Bromeliaceae based on analyses of meiotic chromosome numbers from microspores (pollen-mother cells). He was the first to propose x = 25 as the basic chromosome number for Bromeliaceae. Nowadays, all studies based on meiotic (Brown & Gilmartin 1983 , 1986 , 1989 Brown et al. 1997; Palma-Silva et al. 2004 Chromosome numbers have been reported for only six species of Orthophytum, revealing an euploid series (i.e. polyploids in exact multiples of the basic number) of 2n = 2x = 50, 2n = 4x = 100 and 2n = 6x = 150 chromosomes (Ramírez-Morillo & Brown 2001; Cotias-de-Oliveira et al. 2000 Bellintani et al. 2005; Gitaí et al. 2005) . Polyploidy, or genomic duplication, is a common and continuous phenomenon in plant evolution, and about 70% of the angiosperms are polyploids (Leitch & Bennett 1997) . Polyploidy of the basic number, x = 25, is rarely observed in Bromeliaceae. However, it occurs in the three subfamilies, indicating that this phenomenon has appeared independently during the evolution of the family. Polyploids are more frequent in subfam. Bromelioideae: Ananas (one sp.), Bromelia (three spp.), Neoglaziovia (one sp.), Nidularium (one sp.), Orthophytum (four spp.) Pseudoananas (one sp.) and Deinacanthon (one sp.) (Lindschau 1933; Lin et al. 1987; Cotias-deOliveira et al. 2000 Bellintani et al. 2005) . In Pitcairnioideae only three genera are reported to have polyploids: Deutherocohnia: (one sp.), Pitcairnia (one sp.), Fosterella (one sp.), Dyckia (one sp.) (Sharma & Ghosh 1971) . Polyploids are very scarce in the subfam. Tillandsioideae, having been reported in few species of Tillandsia subgen. Diaphoranthema (Brown & Gilmartin 1986 ) and for one species of Guzmania.
This study attempts to fill some gaps in our knowledge of chromosomal evolution in Bromeliaceae by reporting, for the first time, meiotic and/or mitotic chromosome numbers for species in the genus Orthophytum.
Material and Methods
The species studied and their geographical locations are listed in Table 1 . The specimens were collected in the field from December to February (2005 and during the reproductive flowering season of the species. Voucher specimens were deposited at Herbarium SP of the Instituto the Botânica, São Paulo, Brazil. The plants were cultivated in the greenhouse of the Instituto de Botânica de São Paulo.
The plants were kept in containers with water and the hormone AIB (Indolbutilic acid) up to the point of leaf insertion to induce rooting. Roots were pretreated with 0.002 M 8-hydroxyquinoline for 24 h at 4°C and fixed in 3:1 ethanol-acetic acid for 18 -24 h. Roots were transferred to 70% alcohol and stored at 4°C. For the slides preparation, the roots were hydrolysed in 5 N HCl for 25 min at room temperature and the squash preparations were made in 45% acetic acid. Coverslips were removed with liquid nitrogen and cells were stained following the Giemsa method described by Guerra (1983) . Chromosome counts were made in 10 metaphases of each species.
Floral buds were fixed for 24 h in 3:1 (ethanol: glacial acetic acid) with a drop of saturated aqueous ferric chloride (FeCl 3 ·6H 2 O) at room temperature. After fixation, buds were transferred to 70% alcohol and stored in a freezer at −20°C. Squash preparations were made in 1% propionic carmine on a microscope slide. Chromosome counts were made in 10 metaphases I of each species.
Results and Discussion
Orthophytum species had chromosome numbers of 2n = 50 or 2n = 100. These numbers are consistent with the proposed basic number of x = 25 for Bromeliaceae (Marchant 1967) . The data presented here are chromosome numbers published for the first time, except for O. burle-marxii (Fig. 1C) , O. albopictum and O. amoenum ( Meiotic chromosome counts were reported for the first time for two species Orthophytum albopictum (n = 50 chromosomes, Fig. 1B) and O. zanonii (n = 25 chromosomes, Fig. 1A ). All metaphase I cells were regular with predominant bivalent pairing indicating that plants of these two species are potentially interfertile. Regular meiosis was also reported for species of two other diploid bromeliad genera Vriesea and Aechmea (Palma-Silva et al. 2004 . This is the first report of meiotic chromosome pairing for a polyploid species. Although a higher multivalent formation is expected for autopolyploid species (polyploids originating from chromosome duplication of a single species, intraspecific polyploid) than for allopolyploid species (generated by interspecific crosses, hybridisation) our results are not able to determine the origin (allo-or autopolyploid) of O. albopictum. The use of cytogenetic molecular techniques, such as FISH (fluorescence in vitro hybridisation) and GISH (genomic in situ hybridisation) on a larger number of Orthophytum species would bring additional evidence to our understanding of chromosome evolution in this genus.
Despite the small number of species analysed in this study compared to the total number of species in the genus, it is noted that Orthophytum species with polyploid chromosome numbers tend to occur in xerophytic environments, in sunny and dry habitats (Table 1 ). Such taxa demonstrate morphological Table 1 . Origin, voucher number and chromosome number of species of the Orthophytum studied. features in response to the harsh conditions in these habitats, such as coriaceus leaf-blades that are densely lepidote on both sides (except O. amoenum which has leaf-blades that are sparsely lepidote). In the diploid species no such patterns were observed, as they occur in both wet and dry habitats (Table 1 ). An evaluation of a large range of chromosome numbers of Orthophytum species might shed light on the role of polyploidy on the distribution of these species. Although several studies suggest evidence of habitat differentiation among diploids and polyploids (as reviewed by Soltis et al. 2003) , the conditions that favour the establishment and persistence of polyploids are still not well understood.
The genomic reorganisation and chromosomal repatterning that occur in polyploids (Stebbins 1971; Chen 2007; Chen et al. 2007 , among others) can modify their tolerance to the environment. The term 'intrinsic advantages' to polyploidy was coined by Levin (1983) . Biochemical flexibility could be increased by fixed heterozygosity of the allopolyploid via biochemical pathways and perhaps provide an advantage compared to diploid progenitors (Levin 1983) . Genetic studies have also demonstrated that there are 'intrinsic advantages' to autopolyploidy. Enzyme electrophoretic studies revealed that autopolyploids do not have fixed heterozygosity. However, as a result of tetrasomic inheritance, they have higher heterozygosity than their diploid parents and can maintain three or four alleles at a single locus. Thus, there are strong genetic reasons for the success of autopolyploids in natural populations as well (Soltis et al. 2003) .
The chromosome counts presented in this work have increased the number of Orthophytum species investigated to 12, representing about 6% of the genus. Although more than half of the species analysed are indeed diploids, polyploidy seems to play an important role in the chromosome evolution of the genus Orthophytum.
